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(54) Device and method for controlling focussed electron beams 



(57) The invention provides a focussing electron 
beam device comprising a single or an array of field 
emitter beam sources to generate electron beams with 
field emitter beam sources, at least one anode capable 
of accelerating the electrons of the electron beams to- 
wards a specimen, focussing components capable of fo- 
cussing the electron beams onto the specimen and a 
control circuit that a) senses for deviations of the actual 
current values of the electron beams from desired cur- 
rent values; b) controls first voltages V1 to adjust the 
actual current values of the electron beams to the de- 
sired current values and c) controls second voltages V2 
to adjust the actual focus positions of the electron 
beams to the desired focus positions. The voltage con- 



trol circuit adjusts the actual current values of the elec- 
tron beams to the desired current values and makes it 
possible to adjust the current values of an array of elec- 
tron beams to a single value. Furthermore, a focussing 
electron beam device is disclosed with an array of field 
emitterbeam sources integrated onto a substrate, which 
makes it possible to have arrays of field emitter beam 
sources with thousands or even millions of field emitter 
beam sources. With the integration of the control circuits 
for each field emitter beam source it is possible to adjust 
the current values and focus positions of each electron 
beam individually. Furthermore, methods are disclosed 
describing the operation of a single field emitter beam 
source or an array of field emitter beam sources. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a focussing electron 
beam device and to a method to control focussed elec- 
tron beams. In particular this invention relates to a fo- 
cussing electron beam device with focussed electron 
beams to examine a specimen or to structure the sur- 
face of a specimen. 

BACKGROUND OF THE INVENTION 

[0002] Focussed electron beam devices, like e.g. 
electron microscopes for inspecting specimen or elec- 
tron beam pattern generators for structuring surfaces of 
a specimen use electron beams because of their spatial 
resolution, which can be several orders of magnitude 
higher than the one of optical light beam devices. 
[0003] A central part of a focussing electron beam de- 
vice is the electron beam column which generates the 
electron beam : accelerates the electrons of the beam to 
a desired energy and focusses the beam. The electron 
beam is generated by some kind of electron beam 
source, accelerated by a voltage between the electron 
beam source and one or several anodes and focussed 
by focussing components like e.g. electromagnetic lens- 
es. In addition, an electron beam column can comprise 
other functional components like e.g. apertures or de- 
flection coils, the latter being a means to scan the focus 
of the electron beam over an area of interest. 
[0004] Fig. 1 shows schematically a scanning elec- 
tron microscope (SEM) with an electron beam column 
1 -1 as an example of a focussing electron beam device 
known in the prior art. The schematically drawn electron 
beam column can also be used for an electron beam 
pattern generator for structuring the surface of e.g. a 
mask or a silicon wafer or similar applications. The elec- 
tron beam column 1 -1 in Fig. 1 comprises a field emitter 
beam source 1 -2 with an emitter 1 -3 with a sharp emitter 
tip 1-3a and an extracting electrode 1-4. A 1 st voltage 
source 1 -7 generates a first voltage V1 between extract- 
ing electrode 1 -4 and emitter 1 -3 that is high enough to 
enable electrons at the emitter 1-3a to escape into the 
vacuum 1-0. 

[0005] The emitted electrons are accelerated towards 
one of the anodes, i.e. the first anode 1-5, by a second 
voltage V2 between emitter 1 -3 and first anode 1-5. It is 
generated by the 2 nd voltage source 1-8. In this electron 
beam column the first anode 1-5 is placed directly be- 
hind the extracting electrode 1-4 to accelerate the elec- 
tron beam 1-20 to a sufficiently high energy early on in 
order to minimize lateral spreading of the beam. Due to 
the opening 1 -5a in the first anode 1 -5 a significant frac- 
tion of the electron beam 1 -20 passes by the first anode 
1-5 to enter the focussing components. The electron 
beam first passes the 1 st electron lens 1-10, then the 1 51 
aperture 1-11, then the 2 nd electron lens 1-12, then the 



2 nd aperture 1-13 and then the scan coils 1-14 which 
bend the electron beam through the final aperture 1-15 
. toward a desired focus position on the specimen 1 -21 . 
The specimen 1-21 is supported by a second anode 
5 1 -26. The voltage of the second anode 1 -26 with respect 
to the emitter 1-3 is part of the set of second voltages 
V2. It is determined by the sum of the voltages of the 
2 nd voltage source 1-8 and the 3 rd voltage source 1-9. 
The scan coils 1-14 enable a scan of the primary elec- 

io tron beam 1 -20 over regions of interest of the specimen 
1-21. Certainly., many variations of focussing electron 
beam devices are known in the art. 
[0006] The electron beam column shown in Fig. 1 is 
able to focus the electron beam 1-20 with spot sizes 

is smaller than 10 nm, The current sensing unit 1=24 
serves to observe the electron beam current. If the field 
emitter beam source 1-2 has no other connection to 
ground than voltage reference 1-23, the current going 
through the current sensing unit 1 -24 must, on average, 

20 be equal to the electron beam current of the electron 
beam 1-20 arriving at the specimen. 
[0007] Also shown in Fig. 1 is a radiation detector 1 -22 
detecting the secondary particles 1-25 like secondary 
electrons, backscattered electrons or X-rays, which are 

25 generated by the interaction of electron beam 1 -20 with 
the surface of the specimen 1 -21 . The secondary parti- 
cles are used to detect and reconstruct an image of the 
scanned surface of the specimen. 

[0008] With increasing resolving power of the focuss- 

30 ing electron beam device the time for scanning a given 
area of a specimen for inspection or for structuring the 
surface increases. Therefore, to maintain or even in- 
crease the throughput of specimens in electron beam 
devices it has been proposed to use electron beam de- 

35 vices with multiple electron beams in parallel. 

[0009] For a long time, electron beam sources have 
been used which use thermal excitation for electron 
emission instead of electric fields at the emitter. Their 
main advantages were the stable operation even at 

40 moderate vacuum (<10* 5 mbar) and their low costs. 
However, the ever increasing demand for higher spatial 
resolution and higherthroughput has created an interest 
into cold field emitter beam sources because of their po- 
tentially much smaller source size, higher brightness, 

45 smaller energy spread and higher life time. The price to 
be paid for these advantages are a high operational vac- 
uum (<10 9 mbar) and, related to this, problems with the 
beam current stability. The reason for beam current in- 
stabilities is mainly due to the extreme sensitiveness of 

50 the electron emission rate to changes of shape and 
chemical condition of the emitter tip. 
[0010] The beam current instabilities, however repre- 
sent a limitation to imaging resolution or to the homoge- 
neity for structuring the surface of specimens. One so- 

55 lution to the problem of fluctuating electron beam cur- 
rents is to continually adjust the electron beam currents 
to the desired current by means of changing the first volt- 
age V1 between emitter and extraction electrode. This, 
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for example, can be reaped by replacing the first volt- 
age source by a current source. However, the problem 
then arises that the electrical potential of the extraction 
electrode fluctuates, which can deteriorate the focus 
stability of the electron beam. 

[001 1 ] Field emitter beam sources have an additional 
advantage in that they are capable of being integrated 
onto a semiconductor substrate using micromechanical 
or microelectronic fabrication techniques. This feature 
opens up possibilities to miniaturize electron beam col- 
umns. Arrays of electron beam columns e.g. can be 
used to let several electron beams operate in parallel 
on a specimen in order to increase the throughput for 
inspecting or structuring a specimen. Such systems 
have been described e.g. in the US-patents US 
5,969,362 and US 6,145,438. In another application 
many field emitter beam source can be integrated onto 
a single chip or substrate as described in US-patents 
US 5,717,278, US 5,828,163, US 5,929,557, and US 
5,990,612. The field emitter beam sources of such de- 
vices can be so densely packed that the array of electron 
beams can be focussed by one electron beam column. 
Such electron beam devices, e.g. for structuring the sur- 
face of a specimen, offer the combined advantage of 
high spatial resolution with high throughput. 
[001 2] However, the problem of fluctuating beam cur- 
rents of field emitter beam sources is even more severe 
when an array of beams is used. In this case the image 
or the structure on the surface of the specimen would 
show artifacts showing regions treated by the individu- 
ally fluctuating electron beams. Such artifacts would lim- 
it the resolution of the image or of the structure on the 
surface of the specimen. 

SUMMARY OF THE INVENTION 

[0013] The present invention intends to provide an im- 
proved focussing electron beam device and method for 
controlling electron beams. According to one aspect of 
the present invention, a focussing electron beam device 
is provided as specified in independent claim 1 . 
[0014] According to a second aspect of the present 
invention, a focussing electron beam device is provided 
as specified in independent ciaim 18. 
[0015] According to a third aspect of the present in- 
vention a method for controlling electron beams is pro- 
vided as specified in independent claim 19. 
[0016] According to a fourth aspect of the present in- 
vention a method for controlling an array of electron 
beams is provided as specified in independent claim 36. 
[001 7] Further advantages, features, aspects and de- 
tails of the invention are evident from the dependent 
claims, the description and the accompanying drawings. 
The claims are intended to be understood as a first non- 
limiting approach of defining the invention in general 
terms. 

[0018] Therefore, in a first aspect of the present in- 
vention a focussing electron beam device is provided 



with an electron beam whose actual current value is 
sensed for deviations from a desired current value and 
adjusted to a desired current value without sacrificing 
control of the focus position of the electron beam. In a 
5 second aspect of the present invention a focussing elec- 
tron beam device is provided with an array of electron 
beams where the actual beam current values of the 
electron beams can be adjusted to desired current val- 
ues without sacrificing control of the focus positions. 

10 This allows the compensation of focus position shifts of 
the electron beam caused by changes of the first voltage 
V1 to stabilize the electron beam current value. Sensing 
for the deviations of the actual current value from the 
desired current value, adjusting the first voltage V1 and 

15 adjusting the second voltage V2 are preferably automat- 
ically performed by the control circuit. 
[0019] The control circuit according to the invention 
allows the stability of the current value of the electron 
beam to be improved while maintaining the focus posi- 

20 tion. This improvement translates into better spatial res- 
olution for applications like electron microscopy, elec- 
tron beam pattern generation and the like: for an elec- 
tron microscope the spatial resolution of images of an 
specimen can bo improved and for an electron beam 

25 pattern generator the spatial resolution of structures on 
specimens like masks or semiconductor wafers can be 
improved. Furthermore, effects of artifacts in the images 
or structures of a specimen due to fluctuating electron 
beam currents or defocussed electron beams can be 

30 significantly reduced. 

[0020] With the use of the control circuit known effects 
to current instabilities of field emitter beam sources can 
be compensated. Also, the control circuit according to 
the invention eases the demands on the vacuum condi- 

35 tions since current fluctuations due to poor vacuum 
around the emitter can be compensated. A lower vacu- 
um requirement makes the handling of the electron 
beam devices much easier. 

[0021] Another advantage of field emitter beam 

40 sources is their capability to be integrated onto a sub- 
strate with high package density thereby forming an ar- 
ray of field emitter beam sources. The need for automat- 
ic stabilization of the current values of multiple electron 
beams to desired current values is larger, since the in- 

45 dividual fluctuations of the current values of the electron 
beams add up to increase artifact structures in the im- 
ages of a specimen or in the structures generated on 
the specimen. Furthermore, with an increasing number 
of electron beams there is an increasing need to stabi- 

50 lize the current values and the focus positions automat- 
ically since manual control becomes impossible. 
[0022] The term "field emitter beam source" accord- 
ing to the invention is to be understood in a broad sense. 
The term includes any device which emits electrons 

55 from a tip of a solid state body into the vacuum, whereby 
the emission rate is controlled by an electrical field sur- 
rounding the tip of the solid state body. The solid state 
body, preferably a semiconductor material or a metal, is 
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also called emitter. The electrical field surrounding the 
tip of the emitter is controlled by the first voltage V1 ap- 
plied between the emitter and the extraction electrode. 
The term "field emitter beam source" therefore includes 
cold field emission beam sources as well as thermal field 
emission beam sources or Schottky field emission beam 
sources, the latter two being heated for operation in ad- 
dition to the applied electrical field. 
[0023] The extracting electrode is distinguishable 
from anodes in that it is predominately used to control 
the electron emission rate rather than to control the di- 
rection or energy of the electron beam. Preferably, the 
extracting electrode is the electrode closest to the tip of 
the emitter in which case it can produce, at a given volt- 
age, the largest electric field at the emitter tip. The ex- 
tracting electrode may also comprise more than one 
electrode. However for simplicity of argumentation in 
this description, ah electrode which is marked as ex- 
tracting electrode is not named anode and vice versa. 
[0024] For many applications, the electron beam cur- 
rent arriving at a specimen is relevant since there the 
electron beam is active in probing or structuring possible 
specimens. However, it is difficult to sense this current 
or deviations of the current at that location. Therefore, 
preferably, the deviations of the actual current value 
from the desired current value are sensed at one of the 
anodes or in conducting lines carrying the current to be 
emitted to the emitter. 

[0025] A specimen generally refers to an object meant 
as a target of the focussed electron beam for inspection 
or structuring. For example the specimen can be an ob- 
ject which is being probed by the electron beam for in- 
spection like in an electron microscope. A specimen can 
also be an object which is being exposed to the focussed 
electron beam in order to structure the surface of the 
object like in an electron beam pattern generator. The 
specimen can also be an object whose interior is to be 
structured or irradiated like in a medical surgery device. 
Therefore, specimens in this invention can be e.g. bio- 
logical, crystalline or other materials that are probed or 
structured by the focussed electron beam as well as e. 
g. wafer or masks whose surface is to be structured. It 
should be noted that the specimen generally is not part 
of the focussing electron beam device but can be routi- 
neously removed from it. 

[0026] The at least one anode serves to accelerate 
the electrons of the electron beam towards the speci- 
men. Anodes are electrodes which preferably are at a 
fixed electrical potential, which influence the direction 
and energy of the electron beam and which are not ex- 
traction electrodes. For simplicity, in this description, the 
electrical potentials of the anodes are given relative to 
the potential of the emitter and are denoted as second 
voltages V2. In one embodiment of the invention the 
specimen is supported by the only anode. In this em- 
bodiment the anode serves to directly accelerate the 
electrons of the electron beam towards the specimen. 
However, usually, for performance improvements or due 



to design constraints there are other electrodes in the 
electron beam column which are also at fixed electrical 
potentials and therefore influence direction and energy 
of the electrons of the electron beam. Those electrodes. 
5 in this text, for simplicity of argumentation, are also 
termed anodes. 

[0027] The focussing components are capable of fo- 
cussing the electron beam onto the specimen. Prefera- 
bly the focussing components are electromagnetic lens- 
10 es and other elements which serve to focus the electron 
beam onto the specimen. In one embodiment, the fo- 
cussing components can be a magnetic field in a direc- 
tion parallel to the electron beam path and homogene- 
ous in the planes perpendicular to the electron beam. In 
15 another embodiment of the invention, the focusstng 
components can be anodes with appropriate voltage, 
geometry and position. Such anodes are both, i.e. an- 
ode and focussing component. 

[0028] The control circuit of the focussing electron f 
beam device senses for deviations of the actual current 
value of the electron beam from the desired current val- 
ue, adjusts the actual electron beam current value to the 
desired current value and adjusts the actual focus posi- j 
tion to the desired focus position. The adjustment of the j 
actual current value occurs by changing the first voltage / 
V1 . The adjustment of the actual focus position occurs 
by changing the second voltage V2. 
[0029] Preferably adjustments of the first voltage V1 
or of the second voltage V2 are initiated automatically 
when a deviation of the current values from a- desired 
current value are sensed by the control circuit. Prefera- 
bly the adjustments of the first voltage V1 or of the sec- 
ond voltage V2 occur continuously. "Continuously" 
means that the first or second voltages, V1 or V2, are 
adjusted in time intervals preferably smaller than one 
second and preferably less than one millisecond. In an- 
other preferred embodiment the first orsecond voltages, 
V1 or V2, are controlled through an analogue circuit us- 
ing the electron beam current values as input. This way 
a truly real time adjustment of the first orsecond voltage, 
V1 or V2, as a function of the sensed deviation of the 
actual current value from the desired current value can 
be established. The analogue circuit is part of the control 
circuit . 

[0030] Preferably the control circuit increases the first 
voltage V1 when the actual electron beam current value 
is lower than Ihe desired beam current value, and it de- 
creases the first voltage V1 when the actual electron 
beam current value is sensed higher than the desired 
current value. The second voltage V2 serves to com- 
pensate focus shifts due to the changing first voltage V1 . 
[0031] In a preferred embodiment, the desired current 
value of the electron beam is a constant current value. 
In this embodiment, the control circuit preferably com- 
prises a current source which delivers a constant current 
to the emitter. Preferably, the current source is imple- 
mented in the conducting line connecting the emitter 
with the extraction electrode. A current source is equiv- 
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alent to a voltage source (e.g. the voltage source which 
generates the first voltage source V1 ) which controls the 
voltage in such a way that the actual current value is 
adjusted to a fixed current value (i.e. desired current val- 
ue). To do so the current source comprises some means 5 
of sensing deviations of the actual current from the fixed 
current. Therefore a voltage source that adjusts an ac- 
tual current value to a desired current value is equivalent 
to a current source. 

[0032] The invention further provides a method for 10 
controlling an electron beam. In step a) an electron 
beam is generated., preferably with a field emitter beam 
source with an emitter and an extraction electrode. The 
electron beam is generated by a first voltage V1 which 
is applied between the emitter and the extraction elec- is 
trode. 

[0033] In step b) the electrons of the electron beam 
are accelerated towards a specimen, preferably with an 
at least one anode. The acceleration of the electrons of 
the electron beam is. for example, induced by a second 20 
voltage V2 between emitter and the at least one anode. 
[0034] In step c) the electron beam is focussed to a 
desired focus position. A desired focus position is pref- 
erably a spot on the surface or in the interior of the spec- 
imen. Preferably the focussing. is being performed by fo- 25 
cussing components like electromagnetic lenses, stig- 
mators or even focussing anodes. 
[0035] In step d) the electron beam current value is 
sensed for deviations of the actual current value from a 
desired current value. In one preferred embodiment the 30 
deviations of the actual current value from the desired 
current value are sensed by having the control circuit 
sense the net current flowing into the field emitter. This 
can be performed by reading the current values from a 
current sensing unit. Preferably the current sensing unit 35 
is implemented into a conducting lead connecting the 
emitter with one of the anodes. Preferably the actual 
electron beam current value is compared with the de- 
sired current value by the control circuit whose output is 
used to reduce the deviation of the electron beam cur- 40 
rent by changing the voltages of the first voltage V1. 
Preferably the sensing of the deviation of the electron 
beam current is performed in intervals smaller than one 
second and preferably less than one millisecond. In an- 
other preferred version the deviation of the electron *s 
beam current is sensed by an analogue circuit which 
senses deviations of the electron beam current at a rate 
which is only limited by the bandwidth of the analogue 
circuit. This way, deviations of the electron beam current 
value or the focal positions from the desired values can so 
be corrected very fast. In another preferred embodi- 
ment, deviations of the actual electron beam current val- 
ue from the desired current value are sensed when they 
are above a given threshold value. 

[0036] In step e) a deviation of the actual electron 55 
beam currents value from a desired current value are 
adjusted to the desired current value by changing the 
first voltage V1 . When the actual current value is higher 
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than the desired beam current value the control circuit 
reduces the first voltage V1 and vice versa. Preferably, 
the adjustment is performed by reducing the deviation 
between the actual current value and the desired current 
value. Preferably., the reduction of the deviation is car- 
ried out by reducing the deviation below a given thresh- 
old value. 

[0037] In step f) the focus position of the electron 
beam is adjusted to a desired focus position by control- 
ling the second voltage V2. Since a change of electron 
beam current value, according to e), can lead to a 
change of the first voltage V1 the actual focus position 
can potentially be shifted away from the desired focus 
position. The shift of the focus position can be compen- 
sated by changing the second voltage V2. The sectfhd 
voltage V2 is preferably applied between the field emit- 
ter beam source and the at least one anode. 
[0038] Preferably the second voltage V2 is adjusted 
according to a predetermined algorithm depending on 
the first voltage V1 . A predetermined algorithm can be 
established by finding a first function f(AV1 )=AZ, where 
AV1 is the change of the first voltage V1 to generate a 
change of focus position AZ ; and a second function F 
(AZ)=AV2, where AV2 is the change of the second volt- 
age V2 necessary to compensate the change of the fo- 
cus position AZ. Both functions relate to each change of 
the first voltage V1 a change of the second voltage V2 
necessary to compensate the focus position shift. Such 
a predetermined algorithm circumvents the problem of 
having to measure the actual focus position each time 
online during standard operation. Instead the predeter- 
mined algorithm is established preferably once and pref- 
erably before the focussing electron beam device is put 
into standard operation. The kind of predetermined al- 
gorithm depends on the details of the design of the elec- 
tron beam column. Optionally, the predetermined algo- 
rithm is established from experiment or from theoretical 
design considerations. Preferably the predetermined al- 
gorithm is incorporated into the focussing electron beam 
device for repeatable operational use. In one preferred 
embodiment the predetermined algorithm is implement- 
ed as software code or as data of a data base which are 
in functional connection with the control circuit . In an- 
other embodiment the predetermined algorithm is im- 
plemented as an electronic circuit being part of the con- 
trol circuit . 

[0039] Preferably the control circuit adjusts the first 
voltage V1 and/or preferably also the second voltage V2 
in time intervals smaller than one second and preferably 
smaller than one millisecond. The faster the adjust- 
ments the smaller is the fluctuation of the electron beam 
current values and the changes of the focus position due 
to the current adjustment. 

[0040] Preferably the second electronic voltage V2 is 
applied between emitter and the at least one anode. A 
change of the voltage V2 between emitter and the at 
least one anode changes the energy of the electrons of 
the electron beam which changes the focal length of the 
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electromagnetic focussing components which in turn 
changes the focus position. Therefore, in a preferred 
embodiment a change of the second voltage V2 can be 
used to adjust the actual focal position when a change 
of the first voltage V1 has generated a focus position 
shift. In another preferred embodiment, the changes of 
the second voltage V2 distort the electric field lines in 
such a way that they influence the focus of the electron 
beam. An appropriate change of the second voltage V2 
therefore can adjust the actual focus position to the de- 
sired focus position. 

[0041 ] In a preferred embodiment the second voltage 
V2 is a set of second voltages. Some of the second volt- 
ages may be applied to at least one anode with respect 
to the emitter. Preferably, other second voltages of the 
set of second voltages may be applied to other compo- 
nents adjusting the focus position, like e.g. electromag- 
netic lenses or scanning coils. The second voltage V2 
therefore is preferably to be understood as the set of 
second voltages to provide the voltages for the various 
components that help to adjust the actual focus position 
of the electron beam to the desired focus position. 
[0042] In another preferred embodiment the set of 
second voltages V2 is applied to focussing components 
of the focussed electron beam device. Since the set of 
second voltages V2 is meant for adjustment of the focus 
position of the electron beam it can be advantageous to 
also adjust the voltages (or currents) of the electromag- 
netic lenses, scan coils, the stigmators and other com- 
ponents necessary to focus the beam to the desired 
beam position. 

[0043] However, for simplicity of the set up it is most 
preferred to control only one second voltage V2 in order 
to adjust an actual focus position of the electron beam 
to a desired focus position. 

[0044] In a preferred embodiment of the invention one 
anode is positioned between the field emitter beam 
source and focussing components. This way the elec- 
tron beam can be accelerated to a high energy early on 
by the second voltage V2 between the emitter and this 
anode. An early acceleration to a high energy reduces 
the effects of diffusion or disturbing fields which laterally 
spread the electron beam on its path to the specimen. 
An early acceleration to full energy also reduces the 
spreading of the electron beam due to inhomogeneous 
electric or magnetic fields on its path to the specimen. 
[0045] In another preferred embodiment one of the at 
least one anodes is capable of serving as a support 
structure for the specimen on which the electron beam 
is focussed. This way the specimen can be brought in 
a conducting contact with the anode which helps to re- 
duce charge up of the specimen. 

[0046] Preferably the electron beam source is re- 
placed by an array of field emitter beam sources capable 
of generating an array of electron beams. Optionally, the 
electron beams of the array of electron beams are di- 
rected onto the specimen. This way a specimen or a sur- 
face to be structured can be probed or structured in par- 



allel, thereby increasing the throughput significantly 
Preferably the field emitter beam sources of the array of 
field emitter beam sources are positioned in a plane ver- 
tically to the electron beams. In one preferred embodi- 

5 ment of the invention the focussing electron beam de- 
vice comprises an array of microcolumns where the field 
emitter beam sources of the microcolumns make up the 
array of field emitter beam sources. Such an embodi- 
ment of the invention allows for a highly parallel design 

10 of the focussing electron beam device to scan the spec- 
imens with high through-put. Preferably, the microcol- 
umns have individual focussing components to adjust 
the focus positions individually. 

[0047] In another preferred embodiment the focuss- 
'5 ing electron beam device comprises focussing compo- 
nents common to more than one electron beam of the 
array of field emitter beam source. This can simplify the 
design and operation of the focussing electron beam de- 
vice considerably. Also, the use of the same focussing 
20 components allows for very dense packaging of the ar- 
ray of field emitter beam sources since no structures to 
hold individual focussing components are needed be- 
tween the electron beams. 

[0048] Preferably each field emitter beam source of 
25 the array of field emitter beam sources comprises a sep- 
arate control circuit to control the first voltages V1 indi- 
vidually. This way the current values of each electron 
beam of the array of field emitter beam sources can be 
adjusted to desired current values individually. Disturb- 

30 ing artifacts of images or structures on the surface of a 
specimen due to fluctuations of field emitter beam 
sources can be reduced this way Also, the life time of 
an array of field emitter beam sources can be increased 
since a defective field emitter in the array, which has a 

35 short-circuit between emitter and extraction electrode, 
can be switched off. Otherwise, with a global biasing of 
all field emitter beam sources with a single first voltage 
V1 , a single field emitter beam source failure could make 
the array nonfunctional. 

40 [0049] In a preferred embodiment of the invention the 
current values are adjusted to a single current value. 
This way the specimen is exposed to the same electron 
beam current, independent of which electron beam of 
the array of electron beams is scanning the specimen. 

4 5 A homogenous exposure to the electron beams helps 
to generate structures with high homogeneity; also im- 
ages of specimens which have been probed with the 
same electron beam current are more homogeneous 
and display better spatial resolution. 

so [0050] Preferably each field emitter beam source of 
the array of field emitter beam sources comprises a sep- 
arate control circuit to control the second voltage V2 in- 
dividually. This way the actual focal positions of the elec- 
tron beams can be adjusted to the desired focal posi- 

55 tions individually. The individual adjustment of the focus 
positions yields the best spatial resolution for imaging 
as well as for structuring the surface of the specimen. 
[0051] Preferably each field emitter beam source of 
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the array of field emitter beam sources comprises its 
own current sensing unit to deliver current values to the 
corresponding control circuit . This way the currents of 
the electron beams can be measured individually to 
make possible individual adjustments of electron beam 5 
current values to the desired beam current values. 
[0052] Preferably the array of field emitter beam 
sources is integrated onto a substrate. Such an array 
allows for a compact and rigid setup for the electron 
beam device. The integration of the field emitter beam 10 
sources onto the substrate can be done by using well- 
known micromechanical or microelectronic thin film and 
structuring techniques. Such techniques allow for a 
cost-effective design with very high precision. High pre- 
cision during manufacturing of the arrays is needed for 15 
shaping the emitter tips and for the spacing between 
emitter and extracting electrodes in order to achieve a 
high uniformity of the electron beam current behavior of 
the array. Preferably the extraction electrodes are seg- 
mented for each emitter in order to be able to bias each 20 
field emitter beam source individually. 
[0053] The use of thin film and structuring techniques 
for manufacturing arrays of field emitter beam sources 
allows for a design of arrays of field emitter beam sourc- 
es with high package density. Preferably a pitch be- 25 
tween adjoining field emitter beam sources of less than 
1 00 urn, preferably less than 10^m or even less than 1 
jam is used, while the number of field emitter beam 
sources in the array is preferably higherthan a thousand 
or even higher than a million. Preferably the substrate 30 
is a monolithic substrate, preferably made out of silicon 
or another semiconductor material. With silicon as sub- 
strate an integration of electronic circuits to control the 
voltages for the field emitter beam source control can 
be done. Also, extracting electrodes can be easily inte- 35 
grated onto a silicon substrate using microprocessing 
techniques. 

[0054] Preferably active electronic components, e.g. 
transistors or diodes, of the control circuit are integrated 
onto the substrate. Using thin film techniques it is pos- 40 
sible to integrate active electronic components of the 
control circuit onto the substrate in orderto minimize the 
space and to be able to bias the possibly thousands of 
field emitter beam sources. Furthermore, the integration 
of the electronic components close to the field emitter 45 
beam sources minimizes electromagnetic interference 
and malfunction due to cable defects and the like. In par- 
ticular, the high integration density allows for a complex 
control circuit ry at little space which is necessary to ad- 
just the first or second voltages, V1 or V2, for each field 50 
emitter beam source individually. 

[0055] It is noted that the invention also applies to fo- 
cussing beam devices with charged particle beams oth- 
er than those made of electrons. For example there are 
field ion emitters which emit ions when applying a strong 55 
electric field to the tip of the emitter. Since emitted ions 
beams can be accelerated and focussed like electron 
beams they can also be adjusted with respect to current 



value and focus position according to the invention. 
[0056] It is further noted that focussing electron beam 
devices with arrays of field emitter beam sources also 
comprise the advantages which, for simplicity of the de- 
scription only, have been described only for focussing 
electron beam devices with a single field emitter beam 
source. In particular, the advantages connected with the 
dependent claims 2 to 1 8 also apply to a focussing elec- 
tron beam device with an array of field emitter beam 
sources. The same holds true for the method for con- 
trolling an electron beam where the advantages con- 
nected with the dependent claims 21 to 37 also apply to 
the methods for controlling an array of electron beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] Some of the above indicated and other more 
detailed aspects of the invention will be described in the 
following description and partially illustrated with refer- 
ence to the figures. Therein: 

Fig. 1 shows a schematic drawing of a prior art 
scanning electron microscope (SEM) as an exam- 
ple of an electron beam device. 

Fig. 2a shows a first embodiment according to the 
invention with one field emitter beam source and a • 
control circuit controlling a first voltage V1 and a * 
second voltage V2. 

Fig. 2b shows a second embodiment according to 
the invention with one field emitter beam source and 
a control circuit controlling a first voltage V1 and a 
second voltage V2. 

Fig. 2c shows a third embodiment according to the 
invention with one field emitter beam source and a ' 
control circuit controlling a first voltage V1 and two 
voltages belonging to a set of second voltages V2. 

Fig. 2d shows a fourth embodiment according to the 
invention with one field emitter beam source and a 
control circuit controlling a first voltage V1 and two 
voltages belonging to a set of second voltages V2. 

Fig. 2e shows a fifth embodiment according to the 
invention with one field emitter beam source and a 
control circuit controlling a first voltage V1 and three 
voltages belonging to a set of second voltages V2. 

Fig. 3a shows a sixth embodiment according to the 
invention with an array of field emitter beam sources 
with a common anode. 

Fig. 3b shows a seventh embodiment according to 
the invention with an array of field emitter beam 
sources and an array of anodes. 
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Fig. 4a shows a cross sectional view of an embod- 
iment according to the invention with an array of 
field emitter beam sources integrated onto a sub- 
strate. 

5 

Fig. 4b shows the same array of field emitter beam 
sources as in Fig 4a seen from above. 

Fig. 5 shows an embodiment according to the in- 
vention with a control circuit connected to a current 10 
sensing unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

15 

[0058] A focussing electron beam device of the prior 
art is shown schematically in Fig. 1 and has been de- 
scribed in detail in the chapter describing the back- 
ground of the invention. 

[0059] Fig. 2a describes schematically an electron 20 
beam column 2-1 of a first embodiment according to the 
invention. The focussing electron beam device 2-1 com- 
prises a field emitter beam source 2-2, focussing com- 
ponents 2-1 1 , a specimen 2-6 on an anode 2-5. The field 
emitter beam source 2-2 comprises an emitter 2-3 with 25 
an emitter tip 2-3a, an extraction electrode 2-4 and a 1 st 
voltage source 2-7 applying its voltage between the 
emitter 2-3 and the extraction electrode 2-4 on a cable 
tree 2-10. The word "cable tree" has to be understood 
in a broad sense, i.e. it can comprise cables, conducting 30 
leads on a printed circuit board, conducting leads on a 
semiconductor substrate or other leads to make electri- 
cal connections. In this embodiment of the invention, the 
1 st voltage source is applied between the nodes E and 
C of the cable tree 2-10, i.e. between the extraction elec- 35 
trode 2-4 and the cable connecting the anode 2-5 with 
the emitter 2-3. Also shown in Fig. 2a is a reference 
ground 2-12 which in this embodiment has the same 
electrical potential as the anode 2-5. However, this is 
only an example, since the reference ground may also 40 
be at the emitter 2-3 or somewhere else. 
[0060] The first voltage V1 , which is the voltage be- 
tween the emitter 2-3 and the extraction electrode 2-4, 
is determined in this embodiment by the 1 sl voltage 
source 2-7. The polarity of the first voltage V1 is prefer- *s 
ably such that the voltage at the extraction electrode 2-4 
is positive with respect to the voltage of the emitter 2-3 
in order to be able to extract electrons from the emitter 
2-3 into the vacuum 2-0. In order to protect the emitter 
2-3 from pollution with even very thin layers of mole- so 
cules, the vacuum is preferably of high quality in the 
neighborhood of the emitter (preferably better than 1 0' 6 
mb). The value of the first voltage V1 depends on pa- 
rameters such as the electron beam current value need- 
ed, the material of the emitter 2-3, the shape of the emit- 55 
ter tip 2-3a, the distance between extraction electrode 
2-4 and emitter tip 2-3a, the temperature of the emitter 
and the like. The best electron beam current values de- 



pend on the application and on the specimen that are to 
be examined or structured, and are known in the art. 
Manufacturing and operation of field emitter beam 
sources of various types is also known in the art and. 
therefore, is not described in more detail. 
[0061] The second voltage V2, which is the voltage 
between the emitter 2-3 and the anode 2-5, is deter- 
mined in this embodiment by the 2 nd voltage source 2-8. 
In this embodiment of the invention the 2 nd voltage 
source 2-8 is positioned between the nodes B and C of 
the cable tree 2-1 0 : i.e. between the anode 2-5 and the 
cable connecting the extraction electrode 2-4 with the 
emitter 2-3. The polarity of the second voltage V2 is pref- 
erably such that the voltage at the anode 2-5 is positive 
with respect to the voltage at the emitter 2-3 in ordeHo 
be able to accelerate the electrons of the electron beam 
2-20 from the field emitter beam source 2-2 towards the 
specimen 2-6. 

[0062] The focussing component 2-11 is e.g. an elec- 
tromagnetic lens whose magnetic field focusses the 
electron beam 2-20 onto the specimen 2-6. Preferably, 
the magnetic field of the focussing component 2-11 is 
controlled by a current flowing through a coil. The cur- 
rent in turn, in this embodiment, is determined by a 3 rd 
voltage source 2-g. The use of magnetic lenses for elec- 
tron beam columns is known in the art and is not further 
described. This invention, however, is not limited to 
magnetic lenses as focussing components but applies 
to any component which can be used for focussing elec- 
tron beams. 

[0063] The control circuit 2-30 in this preferred em- 
bodiment of the invention controls the voltages of the 1 st 
voltage source 2-7 and of the 2 nd voltage source 2-8. At 
the same time the control circuit 2-30 uses the current 
values of the current sensing unit 2-24 as input. The cur- 
rent sensing unit 2-24 in this preferred embodiment is 
positioned between node D and node C, i.e. between 
the emitter 2-3 and the cable connecting the anode 2-5 
with the extraction electrode 2-4. In this position, the cur- 
rent sensing unit 2-24 measures the electron beam cur- 
rent emitted from the emitter 2-3. This current value may 
not be equal to the electron beam current value arriving 
at the specimen 2-6 since extraction electrode 2-4, ap- 
ertures and other components along the path of the 
electron beam 2-20 may absorb significant parts of the 
electron beam 2-20. Therefore other positions for a 
measurement of the electron beam currents, e.g. be- 
tween node B and C which is between anode 2-5 and 
the cable connecting extraction electrode 2-4 with the 
emitter 2-3, may be superior in terms of measurement 
precision. However measuring the electron beam cur- 
rent at the emitter is easier to do and may be sufficient 
for sensing deviations of the electron beam current from 
a desired current value, i.e. to do a relative measure- 
ment of the electron beam current. 
[0064] The control circuit uses the input from the cur- 
rent sensing unit 2-24 for sensing deviations of the ac- 
tual current value from the desired current value of the 
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electron beam. Preferably the desired current value is 
a constant value. Therefore, a change of the current 
measured with the current measured device 2-24 indi- 
cates a deviation from a desired current value and initi- 
ates a change of the voltage of the 1 st voltage source 5 
2-7 to change the voltage between emitter 2-3 and ex- 
traction electrode 2-4 in order to adjust the actual current 
value of the electron beam to the desired current value. 
This way the current value of the electron beam 2-20 
can be adjusted to a desired value and fluctuations of 10 
the current value of the electron beam can be reduced 
below a given threshold. 

[0065] However, a change of the voltage of the 1 st 
voltage source, which in Fig. 2a is the first voltage V1, 
may shift the focus position of the electron beam 2-20 15 
off the desired focus position. To adjust the shifted focus 
position back to the desired focus position, the second 
voltage V2 is changed by the control circuit 2-30 which 
changes the voltage of the 2 nd voltage source 2-8 be- 
tween anode 2-5 and emitter 2-3. Preferably the change 20 
of the voltage of the 2 nd voltage source 2-8 is initiated 
by a predetermined algorithm implemented in the con- 
trol circuit 2-30 which relates changes of the first voltage 
V1 to changes of the second voltage V2. The predeter- 
mined algorithm can be determined, e.g., through theo- 25 
retical or experimental studies of the electron beam col- 
umn 2-1. Preferably, the predetermined algorithm is im- 
plemented in the control circuit 2-30 in the form of an 
analog circuit, as a digital electronic circuit, as values of 
a database or a combination of these. 30 
[0066] The specimen 2-6 in Fig. 2a is drawn as an ex- 
ample of something which is to be probed by the fo- 
cussed electron beam 2-20. The specimen 2-6 may be 
a wafer or a mask whose surface is to be structured. It 
may also be something whose surface or interior is to 35 
be inspected with a radiation detector not shown in Fig. 
2a. In any case, the specimen 2-6 is not part of the elec- 
tron beam column 2-1 and is only drawn for better un- 
derstanding. 

[0067] It has already been mentioned that the func- 40 
tionality of the current sensing unit 2-24 in combination 
with the control of the 1 st voltage source 2-7 is equiva- 
lent to the functionality of a current source: a current 
source also senses the actual current and changes its 
output voltage in order to adjust its output current to a *s 
desired current value. Therefore, current sensing unit 
2-24, 1 st voltage source 2-7 and the control circuit con- 
trolling 1 st voltage source 2-7 may as well be replaced 
by a current source. 

[0068] Fig. 2b is similarto Fig.2a. The main difference so 
is that in Fig. 2b the 1 st voltage source 2-7 is placed in 
the cable tree 2-10 between node D and node C, i.e. 
between emitter 2-3 and cable connecting anode 2-5 
with extraction electrode 2-4. The 2 nd voltage source 2-8 
is like in Fig. 2a between node B and node C. Therefore 55 
the second voltage V2 between emitter 2-3 and anode 
2-5 is equal to the sum of the voltages of the 1 st voltage 
source 2-7 and the 2 nd voltage source 2-8. Changing 



the second voltage V2 to adjust the actual focus position 
of the electron beam 2-20 to the desired focus position 
therefore needs a different control circuit 2-30 compared 
to the control circuit of Fig. 2a. Preferably the predeter- 
mined algorithm relating changes of the first voltage V1 
to the second voltage V2 may however remain the 
same. 

[0069] Fig. 2c to 2e are different from Fig. 2b in that 
the control circuit 2-30 controls more than one voltage, 
i.e. a set of second voltage V2, to adjust the focus po- 
sition of the electron beam 2-20 to the desired focus po- 
sition. The complexity of an electron beam column and 
a high focus precision requirement may make it neces- 
sary that the focus position be adjusted by more than 
one second voltage V2. Fig. 2c) to 2e) show three ex- 
amples where a set of second voltages V2 controls more 
than one component in the electron beam column to ad- 
just the actual focus position to the desired focus posi- 
tion. The three figures, 2c to 2e : are only examples of 
sets of components being controlled by a set of second 
voltages V2 ; which are to be understood as not limiting 
illustrations. It is self-understood that there exist other 
component sets whose voltage or current can be con- 
trolled by a set of second voltages V2 to adjust an actual 
focus position to the desired focus position. 
[0070] In Fig. 2c, the set of second voltages V2 com- '• 
prises a) a voltage between emitter 2-3 and anode 2-5, 
which is the sum of the voltages of 1 st voltage source 
2-7 and 2 nd voltage source 2-8, and b) a voltage gener- 
ated by a 3 rd voltage source 2-9 to deliver the- current 
for the focal component, preferably an electromagnetic 
lens 2-11 . The-3 rd voltage source can also be a current 
source. The advantage of this embodiment of the inven- 
tion is that the additional control of the focus compo- 
nents by the control circuit 2-30 enables more sensitive 
focus position adjustments over a larger range. This 
measure further improves the stabilization of the elec- 
tron beam. Of course the focussing components may 
also comprise several focussing elements with more 
than one voltage sources to operate. Fig. 2c is to be un- 
derstood as an example for an electron beam column 
where the adjustment of the focus positions is being per- 
formed by a control circuit 2-30 controlling focussing 
components. 

[0071] Fig. 2d is different from Fig. 2b in that Fig. 2d 
comprises two anodes to be controlled, i.e. a first anode 
2-5a and a second anode 2-5b. The first anode is posi- 
tioned between the field emitter beam source 2-2 and 
the focussing components 2-11. The second anode 2-5b 
is at a position where it also serves as a supporting 
structure of the specimen 2-6. The first anode 2-5a ac- 
celerates the electron beam 2-20 early on to high energy 
to reduce the spread of the electron beam 2-20 due to 
diffusion, small distorting electric fields etc.. The anode 
2-5a with the anode opening 2-42 offers in addition a 
means for focus adjustment, independent from focus 
adjustment by the second anode 2-5b. Therefore the 
control circuit can adjust the focus position by controlling 
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the voltages of the set of two independent second volt- 
ages V2. This is being done by changing the voltages 
of the 1 st voltage source 2-7. 2 nd voltage source 2-8 and 
4 th voltage source 2-41 . 

[0072] Fig. 2e shows an electron beam column 2-1 
like in Fig. 2d except that the control circuit 2-30 controls 
a set of second voltages V2 with three voltages. One of 
the three voltages is applied between emitter 2-3 and 
the first anode 2-5a to accelerate and focus the electron 
beam 5 the second of the three voltages is applied to the 
focussing components 2-11 to focus the electron beam 
and the third of the three voltages is applied between 
emitter 2-3 and the second anode 2-5b to accelerate the 
electron beam while it passes through the focussing 
components 2-1 1 . With the three voltages representing 
the set of the second voltages V2 it is possible to adjust 
the focus position of the electron beam to the desired 
focus position with high sensitivity over a large range. 
[0073} Fig. 3a shows a focussing electron beam de- 
vice with an array 3-1 of field emitter beam sources 3-2. 
In contrast, focussing components 3-11, specimen 3-6 
and anode 3-5, which preferably also serves as support 
for the specimen 3-6, remain common for the array of 
electron beams 3-20. The field emitter beam sources 
3-2 of the array of field emitter beam sources 3-0 pref- 
erably are operated in parallel, thereby increasing the 
throughput for inspecting or structuring a specimen sig- 
nificantly. 

[0074] In this preferred embodiment of the invention 
the focussing components 3-11 are the same for the 
electron beams 3-20. Focussing components which 
have been used for more than one electron beam in par- 
allel have been disclosed, e.g., in the US-patent US 
5,969,362. The focussing component 3-11 in this em- 
bodiment is an electromagnetic lens having a magnetic 
field which is homogeneous in the plane vertically to the 
electron beams and whose field line direction is parallel 
to the electron beams. The use of the same focussing 
electromagnetic lenses common to all electron beams 
makes it possible to place the field emitter beam sources 
3-2 very close to each other, since no place consuming 
structure is needed between electron beams to support 
individual focussing components. As a non-limiting ex- 
ample the focussing component 3-11 is supplied for op- 
eration by a single 3 rd voltage source 3-9. 
[0075] In a preferred embodiment of the invention 
each field emitter beam source 3-2 comprises an emitter 
3-3, an extraction electrode 3-4, a 1 st voltage source 3-7 
which determines the first voltage V1 between emitter 
and extraction electrode 3-4, a 2 nd voltage source 3-8 
which added to the 1 st voltage source 3-7 determines 
the second voltage V2 between emitter 3-3 and anode 
3-5. Like in Fig. 2b, a current sensing unit 3-24 to meas- 
ure the current flowing to emitter 3-3 is placed into the 
cable tree 3-10 between emitter 3-3 and the lead con- 
necting the extraction electrodes 3-4 with the anode 3-5. 
As in Fig. 2b 3 the first voltages V1 and the second volt- 
ages V2 for each field emitter beam source 3-2 are con- 



trolled by the control circuits 3-30 whereby the current 
measured with the current sensing unit 3-24 is used as 
input for adjusting the electron beam current values. 
Preferably every field emitter beam source 3-2 is con- 
5 nected to a separate control circuit 3-30 which allows 
that the first voltages V1 between emitters 3-3 and cor- 
responding extracting electrode 3-4 and the second 
voltages V2 between emitters 3-3 and anode 3-5 are 
controlled individually. 
10 [0076] The individual control of the first voltages V1 
of the array of field emitter beam sources allows the sta- 
bilization of the current value of each electron beam in- 
dividually to desired current values, thus increasing the 
spatial resolution of the images of a specimen or of the 
is surface structures on the specimen. The individual con- 
trol of the first voltages V1 of the array of field emitter 
beam sources also enables the focussing electron 
beam device to operate the beams with the same de- 
sired current value. This makes the operation of the 

20 electron beam device, the reconstruction of images and 
the generation of structures on the surface of the spec- 
imen easier and more uniform. Finally the individual 
control of the first voltage V1 enables the array to vary 
desired current values individually or to switch them off, 

25 e.g. in the case of an emitter short-circuit with the ex- 
tracting electrode. 

[0077] The field emitter beam source array 3-2 is pref- 
erably integrated onto a substrate, preferably on a sem- 
iconductor wafer Because of known technology of man- 

30 ufacturing micromechanical and microelectronical 
structures with high integration, it is possible to fabricate 
arrays of emitters 3-3 and extraction electrodes 3-4 with 
a pitch of less than a few micrometers and even of less 
than one micrometer. Thereby, it depends on the appli- 

35 cation which spacing between neighbored field emitter 
beam sources is optimal. Up to a thousand or even more 
than a million field emitter beam sources can be fabri- 
cated onto a chip of a wafer. Examples of arrays of field 
emitter beam sources integrated onto a semiconductor 
wafer are known and disclosed e.g. in US-patents US 
5,986,388 or US 5,969,362. 

[0078] All or at least parts of the electronics of the con- 
trol circuits 3-30 are preferably integrated onto the sub- 
strate. Preferably, the control circuits 3-30 of each field 

^5 emitter beam source 3-2 are integrated onto the semi- 
conductor wafer before emitters 3-3 and extraction elec- 
trodes 3-4 are fabricated onto the wafer. The integration 
of the control circuits onto the substrate avoids having 
to connect an array of more than a thousand or even 

50 more than a million field emitter beam sources with ca- 
bles to their external 1 s * or 2 nd voltage sources. Prefer- 
ably, the first voltages V1 and the current sensing units 
3-24 are replaced by current sources. A current source 
may simply be a transistor where the emitter is connect - 

55 ed to the drain (or collector). Such an arrangement is 
economical spacewise, which is important for large, 
densely packed arrays of field emitter beam sources. 
[0079] Fig. 3b shows a focussing electron beam de- 
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vice similar to Fig. 3a with the difference that each field 
emitter beam source 3-2 comprises two anodes. The 
first anode 3-5a is assigned individually to each field 
emitter beam source 3-2 and the second anode 3-5b is 
assigned to more than one emitter beam source 3-2; As 5 
shown in Fig. 2d : the first anode 3-5a serves to accel- 
erate the electron beam 3-20 to a higher energy before 
the electron beam 3-20 reaches the focal components 
3-11. It can also be used to focus the electron beam 
3-20. The second anode 3-5b serves to accelerate the 10 
electron beam 3-20 towards the specimen 3-6. 
[0080] As shown in Fig. 3a the second voltage V2 of 
each field emitter beam source is individually adjusta- 
ble. The second voltage V2 of each electron beam 3-20 
is made up of the sum of the voltages of the 1 st voltage 15 
source 3-7 and the 2 nd voltage source 3-8. The addition- 
al first anode 3-5a is used to accelerate and focus each 
electron beam 3-20 individually with more degrees of 
freedom compared to the design in Fig 3a. The first an- 
odes 3-5a also may have a collimating function for the 20 
electron beams by sh utting off outer parts of the electron 
beam to improve the focussing properties. In one pre- 
ferred embodiment of the invention the focussing prop- 
erties of the first anodes are sufficient for focussing the 
electron beam, thus making the focussing components 25 

3- 11 obsolete. 

[0081 ] Fig. 4a shows schematically a cross section of 
an array of field emitter beam sources 4-1 with the field 
emitter beam sources 4-2 integrated onto a substrate 

4- 0. Preferably the substrate is silicon in order to be able 30 
to integrate microelectronic circuitry onto the substrate. 
Also schematically shown is the array of control circuits 
4-30 controlling the voltages of the 1 st voltage source 
4-7, the 2 nd voltage source 4-8 and sensing the current 
values of currents flowing to the field emitter beam 35 
sources 4-2 as measured by the current sensing unit 
4-24. Such an array of field emitter beam sources 4-1 

can be used for a focussing electron beam device as 
shown in Fig. 3b. 

[0082] The emitters 4-3, extraction electrodes 4-4 and 40 
the focussing anodes 4-5 have been fabricated onto the 
substrate surface 4-9 of the silicon substrate by well- 
known micromechanical thin film deposition and etch 
techniques. The micromechanical thin film techniques 
allow structures like sharp emitter tips 4-3a for the emit- -*5 
ters 4-3, extraction electrodes 4-4 and focussing anodes 
4-5 with a precision down to the micrometer range or 
below to be generate. The high precision helps to gen- 
erate emitter arrays with homogeneous shape and po- 
sitioning. A homogeneous shape is important to be able 50 
to fabricate field emitter beam source arrays 4-1 with a 
homogeneous electron beam current distribution. 
[0083] The field emitter beam sources shown in Fig. 
4a are manufactured mainly by depositing and etching 
layers of insulating or conducting materials with various 55 
methods. As a result an array of field emitter beam 
source 4-2 can be created with emitters 4-3 having their 
sharp emitter tips 4-3a surrounded by a first insulating 



material 4-11 and the extraction electrodes 4-4. The 
emitter4-3 is further surrounded by a second insulating 
material 4-12 and the focussing anode 4-5. The radius 
of the emitter tip 4-3a is typically in the range of 1 nm to 
100 nm : the openings of the extraction electrode and 
focussing anodes above the emitter 4-3 are in the range 
of 0.5 urn to 5 urn. The small distance between emitter 
tip 4-3a and extracting electrode 4-4 and the small emit- 
ter tip radius make it possible to generate electron emis- 
sion rates on the nA or even \iA scale with extracting 
electrode voltages smaller than 100 V. More details 
about materials and typical dimensions of the arrays are 
described e.g. in US 5 : 71 7,278 and US 5,986,388. 
[0084] The extraction electrodes 4-4 and the focuss- 
ing electrodes 4-5 are segmented in order to be ablelo 
apply individual voltages for each field emitter beam 
source. That is also why extraction electrode 4-4 and 
focussing anode 4-5 of each emitter have individual con- 
nections to the extraction electrode contact 4-6b or fo- 
cussing anode contact 4-6c on the surface 4-9 of the 
substrate 4-0. The extraction electrode 4-4 is connected 
to the extraction electrode contact 4-6b through the ex- 
traction electrode via 4-1 3, and the focussing anode 4-6 
is connected to the focussing anode contact 4-6c 
through the focussing anode via 4-12. 
[0085] The electronics represented by the control cir- 
cuits 4-30, the cable tree 4-10, the 1 st and 2 nd voltage 
sources 4-7 and 4-8, and the current sensing units 4-24 
correspond to the circuit design shown in Fig. 3b. Node 
A in Fig. 4a is the node to be conne^telPwTmnhe 2 nd ' 
anode or the specimen (both not shown in this figure). 
The current sensing units 4-24 are each positioned be- 
tween emitter 4-3 and conducting line connecting ex- 
traction electrode 4-4 with the focussing anode 4-5. The 
2 nd voltage source 4-8 is positioned between the extrac- 
tion electrode 4-4 and focussing anode 4-5. The 1 st volt- 
age source 4-7 is positioned between emitter 4-3 and - 
the conducting line connecting the extraction electrode 
4-4 with the focussing anode 4-5. 
[0086] The first voltage V1 in this example is deter- 
mined by the voltage of the 1 st voltage source 4-7, the 
second voltage V2 is given by the sum of the voltages 
of the 1 st voltage source 4-7 and the 2 nd voltage source 
4-8. The currents measured by the current sensing units 
4-24 are preferably the currents flowing through the 
emitter 4-3. 

[0087] The electronic design is preferably fully inte- 
grated onto the substrate 4-0. The integration of the 
electronic design onto the substrate 4-0 can be done 
with standard microelectronic fabrication techniques, e. 
g. a CMOS-process technology. The higher the package 
density of the field emitter beam sources needed for an 
application, the higher the package density has to be for 
the electronic design. Otherwise it is difficult to fit control 
circuit 4-30 with 1 st and 2 nd voltage sources. 4-7 and 
4-8, into the available space. 

[0088] AsjiTemicLned befpre, current sensing unit 4-24 
and 1 st voltage source 4-7 can be replaced by a current 
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source . Preferably the current source comprises a tran- 
sistor where .the drain (or collector) is connected to the 
emitter. This is one way of generating a current source 
with very few components. Having few components per 
field emitter beam source allows for a high integration 5 
density of field emitter beam sources onto the substrate. 
[0089] Fig. 4b shows the same array of field emitter 
beam sources as seen from above. Each field emitter 
beam source has a circular emitter 4-3 with an emitter 
tip 4-3a on top. The closest electrode to the emitter tip 10 
4-3a is preferably the extracting electrode whose area 
is enclosed between the inner border of the extraction 
electrode 4-4a and the outer border of the extraction 
electrode 4-4b. The inner border of the extracting elec- 
trode layer 4-4a surrounds the emitter tip 4-3a prefera- ?5 
bly symmetrically and circular in order to make the emit- 
ter emit an electron beam in the direction of the optical 
axis of the electron beam device, which is preferably 
vertical to the plane of the array of field emitter beam 
sources 4-1 . Further away from the emitter tip is seen 20 
the inner border of the focussing anode layer 4-5a which 
can be seen : when viewed from above, also surrounds 
the emitter tip 4-3a preferably symmetrically and circu- 
lar. The dashed lines in Fig. 4b indicate that those lines 
are not visible when seen from above. 25 
[0090] The focussing anode 4-5 and the extracting 
anodes preferably are both segmented in order to be 
able to apply individual voltages with respect to each 
emitter 4-3. This way the electron beam current values 
and focussing positions can be individually adjusted. 30 
The outer border of the extracting electrode layer 4-4b 
and the outer border of the focussing anode layer 4-5b 
both extend further to one side in order to provide space 
for the extraction electrode via 4-13 and the focussing 
anode via 4-14 which both make contact to the control 35 
circuit (not visible ). 

[0091] The pitch between neighboring emitters 4-3 
can be chosen anywhere between the size of the chip 
to less than a micrometer and depends on the applica- 
tion. The distances between the emitter tip 4-3a and in- 40 
ner border of the extraction electrodes 4-4a are usually 
chosen to be small in order to generate high electric 
fields (and therefore sufficient electron beam currents) 
with a low voltage. Low voltages between emitter and 
extraction electrodes make the design of the control cir- 45 
cuit on the substrate easier. 

[0092] Fig. 4a and Fig. 4b represent only one embod- 
iment of many different ways to fabricate arrays of field 
emitter beam sources with the respective electronics 
onto a substrate. This embodiment therefore is meant so 
to be non-limiting. The focussing electron beam device 
according to the invention is independent of the way that 
the field emitter beam source or the control circuit is 
linked together. 

[0093] Fig. 5 shows an example of a control circuit 55 
controlling the first voltage V1 and the second voltage 
V2 for the adjustments of the actual current values to a 
desired current value and the adjustment of the actual 



focus positions to a desired focus position. In this em- 
bodiment, deviations of the actual current value JO from 
a desired current value of the electron beam are sensed 
as voltage deviations across the resistor R0. The current 
JO is preferably the current flowing to the emitter for 
emission. The voltage deviation is amplified and invert- 
ed by the first negative feedback voltage amplifier 5-3 
with the first operational amplifier 5-1 0 and the resistors 
R1 and R2. The gain, g1 , of the first negative feedback 
voltage amplifier 5-3 is given by the negative ratio of the 
resistors R1 and R2 : i.e. g1 = -R2/R1 . The output of the 
first operational amplifier, the first correction voltage V1 ' 
= g1 x R0 x JO, serves to reduce the first voltage V1 
between emitter and extracting electrode (not shown) 
and to adjust the actual current value to the desired cur- 
rent value. 

[0094] At the same time the output of the first negative 
feedback voltage amplifier 5-3 is used as input for a sec- 
ond negative feedback voltage amplifier 5-4. The sec- 
ond negative feedback voltage amplifier 5-4 comprises 
the second operational amplifier 5-11 and the resistors 
R3 and R4. The gain, g2, of the second negative feed- 
back voltage amplifier 5-2 is given, again, by the nega- 
tive ratio of the resistors R3 and R4, i.e. g2— R4/R3. The 
second negative feedback voltage amplifier 5-4 gener- 
ates a second correction voltage, V2'= g2 x g1 x R0 x 
JO that can be used to increase the second voltage V2. 
The gains of both feedback voltage amplifiers, 5-4 and 
5-3, are such that the second correction voltage V2' 
compensates the focus position shift induced by the first 
correction voltage V2\ 

[0095] The predetermined algorithm for changes of 
the second voltage V2 according to changes of the first 
voltage V1, in the embodiment as shown in Fig. 5, is 
defined by the gain, g2 : and the reference voltage at the 
positive input of the second operation amplifier 5-11. 
The reference voltage, in Fig. 5, is predetermined by the 
voltage divider between the voltages U1 and U0 ; where- 
by the voltage divider is made up of the resistors R10 
and R11. 

[0096] The control circuit shown in Fig. 5 is only one 
embodiment of many other control circuits that can be 
thought of by a person skilled in the art of solving the 
problem of adjusting actual current values to a desired 
current values and of adjusting actual focus positions to 
desired focus positions. In particular, also digital control 
circuits can be used to solve the problem. Digital control 
circuits offer the possibility to perform nonlinear correc- 
tions for the adjustments and to implement stored data 
to the control circuit . Reloadable stored data offer high 
flexibility for changes of the predetermined algorithm 
during the life time of the electron beam device. 



Claims 

1. A focussing electron beam device, comprising: 
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a field emitter beam source (2-2. 3-2 : 4-2) with 
an emitter (2-3, 3-3, 4-3) and an extraction elec- 
trode (2-4 : 3-4 : 4-4) to generate an electron 
beam (2-20 : 3-20): 

at least one anode (2-5, 2-5a, 2-5b : 3-5 : 3-5a ; 5 

3- 5b, 4-5) capable of accelerating the electrons 
of the electron beam (2-20 ; 3-20) towards a 
specimen (2-6 : 3-6); 

focussing components (2-11, 3-11 , 2-5a : 3-5a : 

4- 5) capable of focussing the electron beam 10 
(2-20, 3-20) onto the specimen (2-6, 3-6); 

a control circuit (2-30, 3-30 : 4-30, 5-2) sensing 
for deviations of an actual current value of the 
electron beam (2-20, 3-20) from a desired cur- 
rent value; 15 
the control circuit (2-30, 3-30, 4-30, 5-2) con- 
trolling a first voltage V1 between the emitter 
(2-3, 3-3, 4-3) and the extraction electrode (2-4, 
3-4, 4-4) to adjust the actual current value of 
the electron beam (2-20, 3-20) to the desired 20 
current value; and 

the control circuit (2-30, 3-30, 4-30, 5-2) con- 
trolling a second voltage V2 to adjust an actual 
focus position of the electron beam (2-20, 3-20) 
to a desired focus position. 25 

2. The focussing electron beam device according to 
claim 1, whereby the control circuit (2-30, 3-30, 
4-30, 5-2) adjusts the second voltage V2 according 

to changes of the first voltage V1 with a predeter- 30 
mined algorithm. 

3. The focussing electron beam device according to 
any one of claims 1 to 2, whereby the sensing for 
deviations of the actual current values from the de- 35 
sired current values is performed in time intervals 
smaller than one second and preferably smaller 
than one millisecond 

4. The focussing electron beam device according to 40 
any one of claims 1 to 3, whereby the control circuit 
(2-30, 3-30, 4-30, 5-2) adjusts the first voltage V1 

in time intervals smaller than one second and pref- 
erably smaller than one millisecond. 

45 

5. The focussing electron beam device according to 
any one of claims 1 to 4, whereby the control circuit 
(2-30, 3-30, 4-30, 5-2) adjusts the second voltage 
V2 in time intervals smaller than one second and 
preferably smaller than one millisecond. so 

6. The focussing electron beam device according to 
any one of claims 1 to 5, whereby the second volt- 
age V2 is applied between the emitter (2-3, 3-3, 4-3) 
and the at least one anode (2-5, 2-5a, 2-5b, 3-5, 55 
3-5a, 3-5b, 4-5). 

7. The focussing electron beam device according to 



any one of claims 1 to 6 whereby the second voltage 
V2 is a set of second voltages being applied be- 
tween emitter (2-3, 3-3. 4-3) and more than one an- 
ode (2-5. 2-5a. 2-5b, 3-5. 3-5a. 3-5b, 4-5). 

8. The focussing electron beam device according to 
claim 7, whereby at least one voltage of the set of 
the second voltages is applied to a focussing com- 
ponent (2-11, 3-11, 2-5a. 3-5a : 4-5) of the electron 
beam device. 

9. The focussing electron beam device according to 
any one of claims 1 to 8, whereby one anode (2-5, 
2-5a, 3-5. 3-5a, 4-5) is positioned between the field 
emitter beam source (2-2, 3-2, 4-2) and focussing 
components (2-1 1 . 3-1 1 ). 

10. The focussing electron beam device according to 
any one of claims 1 to 9, whereby one of the at least 
one anode (2-5, 2-5a : 2-5b, 3-5, 3-5a, 3-5b, 4-5) is 
capable of serving as a support structure for the 
specimen (2-6, 3-6) on which the electron beam 
(2-20, 3-20) is focussed. 

11. The focussing electron beam device according to 
any one of claims 1 to 10, whereby the field emitter 
beam source (2-2, 3-2, 4-2) is replaced by an array 
of field emitter beam sources (3-1 . 4-1 ) capable of 
generating an array of electron beams (3-20). 

12. The focussing electron beam device according to 
claim 11 , wherein the focussing electron beam de- 
vice comprises focussing components (2-11 , 3-11 , 
2-5a, 3-5a, 4-5) common to all electron beams 
(3-20) of the array of electron beam sources (3-1 , 
4-1). 

13. The focussing electron beam device according to 
any one of claims 11 to 12, wherein each field emit- 
ter beam source (2-2, 3-2, 4-2) of the array of field 
emitter beam sources (3-1 , 4-1) comprises a sepa- 
rate control circuit (2-30, 3-30, 4-30, 5-2) to control 
the first voltages V1 individually. 

14. The focussing electron beam device according to 
any one of claims 11 to 13, wherein the actual cur- 
rent values of the electron beams (3-20) of the array 
of field emitter beam sources (3-1 , 4-1 ) are adjusted 
to the same current value. 

15. The focussing electron beam device according to 
any one of claims 1 1 to 1 4, wherein each field emit- 
ter beam source (2-2, 3-2, 4-2) of the array of field 
emitter beam sources (3-1 , 4-1) comprises a sepa- 
rate control circuit (2-30, 3-30, 4-30, 5-2) to control 
the second voltages V2 individually. 

16. The focussing electron beam device according to 
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any one of claims 11 to 1 5 : wherein the array of field 
emitter beam sources (3-1 , 4-1) is integrated onto 
a substrate. 

17. The focussing electron beam device according to 5 
claim 16 5 wherein active electronic components of 
the control circuits are integrated onto the sub- 
strate. 

18. A focussing electron beam device, comprising: w 

an array of field emitter beam sources (3-1 , 4-1) 
to generate an array of electron beams (3-20); 
wherein each field emitter beam source (2-2, 
3-2, 4-2) comprises an emitter (2-3 : 3-3, 4-3) 15 
and an extraction electrode (2-4, 3-4, 4-4); 
at least one anode (2-5, 2-5a : 2-5b, 3-5, 3-5a, 

3- 5b. 4-5) capable of accelerating the electrons 
of the electron beams (3-20) towards a speci- 
men (2-6, 3-6): 20 
focussing components (2-11, 3-11, 2-5a, 3-5a, 

4- 5) capable of focussing the electron beams 
(3-20) onto the specimen (2-6, 3-6); 

control circuits sensing for deviations of actual 
current values of the electron beams (3-20) ^5 
from desired current values; 
the control circuits controlling first voltages V1 
between the emitter (2-3, 3-3, 4-3) and the cor- 
responding extraction electrode (2-4, 3-4, 4-4) 
to adjust the actual current values of the elec- 30 
tron beams (3-20) to the desired current values; 
and 

the control circuits controlling second voltages 
V2 to adjust actual focus positions of the elec- 
tron beams (3-20) to desired focus positions. 35 

19. Method for controlling an electron beam (2-20, 
3-20) comprising the following steps: 

a) generating an electron beam (2-20, 3-20) *o 
with a field emitter beam source (2-2 : 3-2, 4-2); 

b) accelerating the electrons of the electron 
beam (2-20, 3-20) towards a specimen (2-6, 
3-6); 

c) focussing the electron beam (2-20, 3-20) to ^ 
a desired focus position; 

d) sensing for deviations of the actual current 
value of the electron beam (2-20, 3-20) from a 
desired current value using a control circuit; 

e) adjusting the actual current value of the elec- 50 
tron beam (2-20, 3-20) to the desired current 
value by changing a first voltage V1 through the 
control circuit; and 

f) adjusting an actual focus position of the elec- 
tron beam (2-20, 3-20) to the desired focus po- 55 
sition by changing a second voltage V2 through 

the control circuit. 
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20. Method for controlling the electron beam (2-20, 

3- 20) according to claim 19, wherein the first volt- 
age V1 is applied between an emitter (2-3, 3-3.. 4-3) 
and an extraction electrode (2-4. 3-4. 4-4) which are 
both part of the field emitter beam source (2-2 3-2 

4- 2). 

21. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 20, 
wherein the second voltage V2 is adjusted accord- 
ing to changes of the first voltage V1 with a prede- 
termined algorithm. 

22. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 21, 
wherein the sensing for deviations of the actual cur- 
rent values from the desired current values is per- 
formed in time intervals smaller than one second 
and preferably smaller than one millisecond. 

23. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 22, 
wherein the first voltage V1 is adjusted in time in- 
tervals smaller than one second and preferably 
smaller than one millisecond. 

24. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 23, 
wherein the second voltage V2 is adjusted in time 
intervals smaller than one second and preferably 
smaller than one millisecond. 

25. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 24, 
wherein the second voltage V2 is applied between 
the emitter (2-3, 3-3, 4-3) and the at least one anode 
(2-5, 2-5a, 2-5b, 3-5, 3-5a, 3-5b, 4-5). 

26. Method for controlling the electron beam (2-20, 

3- 20) according to any one of claims 19 to 25, 
wherein the current values of the electron beams 
(2-20, 3-20) are sensed in conductors connecting 
at least one anode (2-5, 2-5a, 2-5b, 3-5, 3-5a, 3-5b, 

4- 5) with the field emitter beam source (2-2. 3-2. 
4-2). 

27. Method for controlling the electron beam (2-20, 
3-20) according to any one of claims 19 to 26, 
wherein the second voltage V2 is a set of second 
voltages being applied between the emitter (2-3, 
3-3, 4-3) and more than one anode (2-5, 2-5a, 2 -5b. 
3-5, 3-5a, 3-5b, 4-5). 

28. Method for controlling the electron beam (2-20, 
3-20) according to claim 27, wherein at least one 
voltage of the set of second voltages is applied to 
focussing components (2-11, 3-11) of the electron 
beam device. 
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29. Method for controlling the electron beam (2-20 : 

3- 20) according to any one of claims 19 to 28, 
wherein the field emitter beam source (2-2. 3-2 ? 4-2) 
is replaced by an array of field emitter beam sources 
(3-1 . 4-1 ) capable of generating an array of electron s 
beams (3-20). 

30. Method for controlling electron beams (3-20) ac- 
cording to claim 29. wherein the electron beams of 

the array of electron beams are focussed by com- 10 
mon focussing components (2-1 1 , 3-1 1 , 2-5a ; 3-5a : 

4- 5). 

31. Method for controlling electron beams (3-20) ac- 
cording to claim 29 or 30 : wherein the first voltages is 
V1 of the array of field emitter beam sources (3-1 , 
4-1) are controlled individually. 

32. Method for controlling electron beams (3-20) ac- 
cording to any one of claims 29 to 31 , wherein the 20 
actual current values of the array of electron beams 
(3-20) are adjusted to a common desired current 
value. 

33. Method for controlling electron beams (3-20) ac- 25 
cording to any one of claims 29 to 32, wherein the 
second voltagesV2 of the focussing electron beam 
device with an array of field emitter beam sources 
(3-1 , 4-1 ) are controlled individually. 

30 

34. Method for controlling electron beams (3-20) ac- 
cording to any one of claims 29 to 33, wherein the 
array of field emitter beam sources (3-1 , 4-1) is in- 
tegrated onto a substrate. 

35 

35. Method for controlling electron beams (3-20) ac- 
cording to claim 34 wherein active electronic com- 
ponents of the control circuits are integrated onto 
the substrate. 

40 

36. Method for controlling an array of electron beams 
(3-20) comprising the following steps: 

a) generating an array of electron beams (3-20) 
with an array of field emitter beam sources (3-1, 45 
4-1); 

b) accelerating the electrons of the electron 
beams (3-20) of the array of electron beams 
(3-20) towards a specimen (2-6, 3-6); 

c) focussing the electron beams (3-20) of the so 
array of electron beam sources (3-1 . 4-1) to de- 
sired focus positions: 

d) sensing for deviations of the actual current 
values of the electron beams (3-20) from de- 
sired current values using control circuits; 55 

e) adjusting the actual current values of the 
electron beams (3-20) to the desired, current 
values by changing first voltages V1 through 



the control circuits; and 

f) adjusting actual focus positions of the elec- 
tron beams (3-20) to the desired focus positions 
by changing second voltages V2 through the 
control circuits. 
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